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(54) METHOD FOR EXAMINING NUCLHC ACIDS AND EXAMINATION KITS 

examination kits for detecting. Identifying and detemriin- 
ing nucleic acids carrying gene mutations or polymor- 
phisms in aoGOidance with this examination method. 



(57) Gene mutations or polymorphisms are surely 
detected, identified or determined by simple procedures 
within a short period of time directly from specimens 
containing the gene mutations or polymorphisms in a 
trace amount within specific regions in target nudeic 
acids. A method for examining nucleic adds which com- 
prises amplifying a specific region of a target nudeic 
acid in a spedmen to thereby prepare a double 
stranded sanple DNA. adding an excessive anraunt of 
the above-mentioned sample DNA to a labeled stand- 
ard DNA consisting of a double stranded nudeic add 
which has a site capable of binding to a solid phase car- 
rier in one strand and a detectable label on another 
strand to effect competitive hybridization, detecting the 
above-mentioned labeled standard DNA thus reconsti- 
tuted with the use of the detectable label and the site 
capable of binding to a sdld phase canier, and thus 
determining the degree of the substhulion of the com- 
plementary strands between the above-mentioned 
sample DNA and the above-mentioned labeled stand- 
ard DNA to thereby detect the target DNA which is iden- 
tical with the above-mentioned labeled standard DNA 
contained in the above-mentioned sample DNA. char- 
acterized in that the detection limit of the target DNA 
which is identical with the above-mentioned labeled 
standard DNA contained in ttie id}Ove-mentioned sam- 
ple DNA is preliminarily specified and. in the step of tiie 
competitive hybridization, the extent of ttie excessive- 
ness of tiie above-mentioned sample DNA to be added 
to the above-mentioned labeled standard DNA is sped- 
f led depending on the detection linfut ttius specified; and 
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Description 

TFnHNICAL FIELD 



5 [0001] This invention relates to a nudeic acid assay process adapted for use in detect 

ttie nucleic add including mutation or polymorphisni of the gene, and an assay kit More spedficaliy, this invenfcn 
relates to a nucleic acid assay process which is capable of reliably and directly detecling, Identifying orquanutaling the 
mutation or the polymorphism of a gene by a simple operation in a short period from a specimen wherein a nwruite 
amount of the analyte nucleic acid has a mutation or polymorphism of the gene in the particular region of the analyte 

10 nucleic add, and an assay Mt for conducting such assay process. 

R^rKr>r^ni imp TCCHNOUXaY 

[0002] Today It has been revealed that substanlialiy all of various enzyme def iciendes which had been known as con- 
15 genital dysbolism for quite some time are gene diseases. In the diagnosis of such diseases, it is quite ""portant to 
detect whether the mutation or the polymorphism Is present on one of the aleles (hetero) or on both of the alleles 

[00031 In the case of diseases which had been induced by acquired gene abnormality, namely, cancer, a particular 
gene in the cell undeifloes mutation and uncontrolled propagation of the cell finally invites death of the individual. When 

20 a cancer tissue is used for the spedmen, detection of gene mutation or polymorphism at high a sensitivity is required 
despite the sftualfon that the abnormal cells (cancer cells) of a minute amount is copresent with a large amount of nor- 
mal cells When a correlation is present between the type of the mutation or pdymorpWsm and the progress or prog- 
nosis of the disease, not only the presence of the gene rnutalion or polymorphism butihe Identification of the mutoit or 
polymorphic gene is effective and necessary. If the percentage (content) of such mutant or polymorphic gene in relation 

2S to the normal gene within the tissue section could also be quantltated, progress and prognosis of the cancer can be 
monitored, and such monitoring should greatly facilitate the diagnosis and ti-eatment of ttie cancer. 
[0004] The genes whtah have been pointed out to have some relation to canceration (cancer-relatGd genes) include 
k-ras gene N-ras gene, p53 gene, BRCAI gene, BRCA2 gene, and APC gene, and among such cancer-related genes, 
many studies have been conducted tor those wherein site and type of ttie mutation or polymorphism are relatively llm- 

30 ited, and tt>ose wherein frequency of occurrence Is deviated to some particular sites in spite of ttie diverse site and type 

of the variation. ^ ^ ,,, 

[0005] For exanple. in ttie case of ttie k<as gene, site of ttie nwtation is concentrated on twelfth codon. and a corre- 
lation as Wgh as 80% is known to exist between ttie pancreatic cancer and ttie presence of mutation In ttie k-ras gene. 
Detection of ttie mutation in ttie k-ras gene should enable diagnosis and treatment of ttie pancreatic cancer at an eoity 

^ raooei in ttie case of ttie p53 gene, ttie type and flie site of ttie mutation or ttie polymorphism are not limited to such 
extent The variation at 17Stti. 248tti and 273id eodons. however, comprises about 30% of ttie total variation, and clar- 
ification of ttie correlation between ttie type and ttie site of ttie mutation or ttie pdymorpNsm and ttie particular types 
cancers is expected to enable diagnosis and tteafcnent of tt» cancer at an early stage since detection can be focused 

40 on the gene mutation or polymorphism Of ttie relevant type the relevant ata . ^ , . 

[0007] in addition to such cancer-related genes, detection of gene mutation or polymorphism of partcuter viruses or 
bacteria is known to be effective for diagnosis and freatment of particular infections caused by ttie particJar vinises or 

[0008] Fbrexample hepatitisCvirus(HCV)v»hichisresponslbleforttiehepatitisCwhlchconstitutemo8tof«ietrans- 
46 fusion hepatitis in Japan and which easily becomes chronic is known to exhibit gene polymorphism in ttie putative C 
gene region, and sensitivity to ttie ttieiapeuSo agent interferon is known to differ depending on ttie base sequence of 
this region. In view of sudi situatioa an adequate diagnosis and tteattnent shouM be enabled if ttie pahent couW be 
determined for ttie suffering from oompiex infection, and W so. if ttie particular virus strain couM be detected, identified, 
or quantitated for its mutation or polymorphism of ttie gena .. „^ . 

BO [0009] In the case of hepatitis B virus (HBV) which Is responsible fbr ttie hepatitis B. ttie virus can be dasslfied by flie 

gene polymorphism In flie base sequence of ttie pre-C region, and ttie polymorphism m ttils region has been reported 
to result in ttie difference in pattioiogy and prognosis. When ttie risk of complex infection is taken into consideration, 
Mentif ication or quantitation of virus stiain which may be present in a minute amount by utilizing ttie gene pdymaphism 

is required for adequate diagnosis and treatanent. ■ ■ 

65 [0010] In ttie case of bacterial infeclton.ttiere is also a risk ttiat a minute amount of drug-resistant bacterium IS present 

among ttie major amount of ttie dmg-sensitive bacterium. Sudi drug^esistant bacterium is generaBy detected by utiliz- 
ing ttie drug-reslstent gene. A bacterium may acquire dmg rosistonce through substitution of one base in a particular 
gene and a reliable, rapid detection of ttie drug-resistant bacterium of a minute amount wHh such sbght mutebon is 
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quite important in diagnosing and treating the laacterial infecilon. 

... »M m 



filOlll Inlhecaseof bone marrwtransplanteSon. it is quite important to judge v^ether the blood cells of the recipiert 
has been lully replaced with the blood cells of the donor in deciding whether the transplanteton has suc^eded w 
failed, and in monitoring the occurrence and degree of the r^ection. H tl»r« is a differerwe m 9««J befc«e«i tf« 
F donor and the recipient through polymorphism, the remaining recipient cells can be detectedal a €«««2^^|A- 
lizing such differerlce. For example, when HLA-DR of HLA (human leukocyte antigen) .8 matched in »e tianjantehon 
and some difference in the HIA^JP is present between the donor and the recipient due to Po'y^o^jP^.'IIV^J^^ 
transplanted cell as well as occurrence and degree of the rejection can be '"^"'tored ^y »rtl.z.ng su* polymo^ 
the HLA-DP gene. In view of such situatioa quick detection and identification at a high sensrtwrty of the gene of the 
to recipient exhrbitinfl gene polymorphism from the gene of the donor btood cell which '^P'e«S; '"^'J,^^^ 

required. Furthermore, if the gene newly introduced by gene therapy and «P'««««l2.XIJS?i^Ce^i^ 
di^nguished and detected from the gene of the host and Its expression, progr^ and efftetvlty of the gene therapy 

mm "l^S^f the needs as desaibed above, various methods have been investigated and proposed tor the delec- 
15 Son wid identification of the mutation and polymorphism of the gena « , . ^ ^ . ■• _.• 

m7 A^Lnplary such process is dot blot hybridization using an oligonucleotide (PGR Melhodte and APP^"^ 
1 297 (1992)) In this process, hybridization with oygonudeolide probes which are specific (complementaiv) to the 
IS SpSym^fSc b^se^u!nce of the gene in the sample DNA (amplification product) is altowed to teke plac j 
and the o^iVmSation or polynwphism is detected on the bases of the prxjbe which underwent the hybrKl«atK,n. The 
20 pr«!^. h^^^equireTa WSe control of the conditions of the hybrid^lton^and washing and « a consequence, 
the process is associated with the drawbacks of handling inconvenience and prdonged rea«*on penod. 
100141 A process is also proposed wherein the mutant or polymorphic base sequence in the analyte nudac aad b 
oena amolified bv PGR using primers capable spedficaily amplifying such sequence, and the gene mulalion or poiy- 
^plS drt«rXL fJesenc^^^ the amplification product (Nature. 324. 163 (1 986)) JT,« process. 
« SJTis 1^ tom1b«% pr^l since this process requires PGR gene amplification steps of the "uniberihe same 
a?lKe ^the primere. and the process scheme is quite complicated. The level of the reaction spectfioty required 

in this process is also extremely severe. , , ^ 

[001 51 For the genes wherein the site of gene variatton Is latherBmited as in the case of cancer-related k-ras gene, 
a detection proems is proposed wherein the primers used h the PGR is altered in the »««««lMencen«^^ 3 ter- 
30 mirSs such that a partcX type of restriction enzymfrrecognizlng sequence Is genemted upon ampliHcat ton of t he 
nim^g^ne Pnco^ene. 6. ?079 (1991)). In this process, the anpRflcaHon product is cleaved by U8»ig restnctton 
eS Ir the ampfificktion of the 'analyte nucleic add to judge whether the 'af •^"""^^^ 
senienoe is cleaved to thereby detect the nucleic add induding the gene mulaton or P°'y^°fP*»«^^« f^**** 
ateo complicated and time-consuming since a strict control is required in the selection of the reacbon condrtwns. in the 

3S handfing of the restriction enzymes, and the lika . ^ ^ ^ . « ,_v.«i-^ rfonwar^ 

[001 61 A process recently proposed by J. C. Nicolas et al. is the P«»e^condurt^by pr^ng a tebe^ stendari 
DNA by intmdudng biolin label and FITC label to each sband of the double stranded nudeic «J 
the target region whose mutetion or polymorphism is to be detected; adding " eowewive a™ 'ft2 ^tSSS S2a 
indSg thTnon-labeled nucleic add fragment of the same region as the standard DNA to the '«» ^JJltS^ 

40 to thereby allow competitive hybridization to take place: and measuring the change in the amount of the initiaBy added 
M)eled indard to judge the presence/absence of the fragment including the base sequ«|ce the same as *« 
labeled standard DNA (EP-A 362042. Anal. Biochem. 205. 193 (1992)). This process has enabled a convenient rapid 
detection of the gene mutation and polymorphism as well as typing of the gerie types. „rf„«„„„, 
[00171 The pKxess of Nodas et al. is capable of detecting the mutation and the polymorphism when the mutetwn or 

« KlymorpSism is present on one Of the allelea Howe«r. the detection is diflicuK when on^n^^^^^ 

mutant or polymorphic gene is present in a large amount of the normal gene, or when the type of the mutetion or the 

Dolymorphism ie not Identified. ^ «ua 

[0018] The inventors of the present invention have also proposed a similar process, but which is reveres to*eproc- 
ei o/ NicolL et al.. wherein "n excessive amount of non-labeled standard DNA is added to the ^«;;£«DNA 
so toallowtorthecompetftivetotekeplace.Thi6processwa8capableotdetectingthennjtefton 

Seofthetvoe of the nudete add. and this process was also capable of readily calculating the percentage o»*a mutant 
Tp^C^X sSiSS CThis process is hereinafter abbreviated as PGR-PHFA. PGT/JP94/01106: W09ao«)68: 
Nud Acids Res S 1541 (1994)T TWs PCR^»HF^ process enabled detection of the nwtant or polymorphic gene of a 

mStfa^uTco^in^ ii the !i,m«. gene of a large amount >^a -ete^ 'SS" ITml^o^Si 
55 Nicolasetal. Identification of the type of the gene mutetion a polymorphism and quantitation of the mutant or polymor- 
phic gene was difficult even when such PGR-PHFA process were employed. , , ^ w^i«-ion «vi 
raoil] Various processes other than those described above have been proposed for the deterton. idenlif ication. and 
quamHation of the mutetion and polymorphism in the nucleic add. In spite of sudi efforts, none of sudi processes have 
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bee^ put into actual use due to insuWiciency in precision, detection speed, or handling convenience. 

ppif-p pFS r^RIPTION OF THg DRAWINGS 
5 [0020] 

FIG 1 is a schematic view explaining the nucleic acid assay process of the present Inwentton. 
Fe 2 is a Showing th^reticafpercentage (index value) of the labeled standard DNA that rehybndizes .n the 



10 



Gonnetitive hybridization in relation to the content of the target DNA. u v.- ^ v. 

ROa is a graph showing percentage Ondex value) of the labeled standard DNA that rehybrKfczed m the competi- 
tive hybridliation of Example 1 1n retelton to the content of the target DNA. 



ffl IMMARY OF THF INVENTION 



5 [0021] Thepresentinvenlionhasbeenconpletedinvie«ofthesituat.onasdesabedato«,^^ 

»^ent inventon is to provide a highly accurate nucleic add assay process which is capable of rapKily. rehaljy and oon- 
^^7^!Sa^^emri«^ quantilaling the nucleic acW which includes mutation or polymorph«m of fte 
^^HSZ^^tSn^ «nourt anSng the normal gene. Such identification or J^^^n *m'ch had 
Seen STto <^ut by the conventional process, should be favorable for use in diagnose and treatment of cancer 

c afaJ XZT^Bg^ or virus or bacterial infections, judgment of the succes^ure of bone marrow transplan- 
hition and the like H is also an object of the present invention to provide an assay kit theretor. 
Si ^Te imiis of Ihe present invenL have made an intensive study to accomplish the o«ecl as described 
K an^ZS the present invention after finding that, when the nucleic add is assayed by amplrtying a partus 
S^tiZ^e anSyte nucleic acid in the specimen to prepare a doitole stranded sample DNA; adding an «cce««« 

m SSiLX^saidiSSe;^ 

XSng to a SXSort on one strand and a detectable label on the other strand to allow <»"jet*vehjx^.^ 
to Se SSiS:^ dSfl the rehybridlzed labeled 6tanda«J DNA by utilizing said detectable a'2,!«l«^^^ 
MeT bindina to a solid support to thereby evaluate the degree of exchange of the complementary strands that took 
Sat^ Sei and saulabeled standard DNA tor the detection of the taiget DNA which is the same 

« as 2l5Tbe2l^'SJ?DNA and which IS present in said sample DNA: a detectkx, lin« tor Je target DNAwh«hjs 
The^le es^abeled standard DNA and wWch Is present In said sample DNA may be preliminarily selected, and 
iSen^ *wtmple DNA added to said labeled standard DNA In the compefijre hybrld^a. may be 
S^eStn Swlwce with the thus selected detection limit. By conducing the assay by such p.oce8|^ the tergrt DNA 
S^Ste ie^SSn^e labeled standard DNA and which is present in the sample DNA can be reliably detected «en 

55 ^SS^D^JJ^atanextremelyminuteamount. m addition, the target DNA which is the same as the labeled 
SSa^SAci be^ntitated on the Lses of the calibration curve theoretically derived from the 
S^e DNA Furthemiore. the nudeic add Induding gene mutation or polymorphism whidi is present at a minute 
jL^n rnornSgene cS, bedetected. identified, or even quantitated at a high pjedsion by ^'"J "J^I 
Sc add or polymwphic nucleic acid and using the thus labeled mutant or polymorphic nucleic aad tor the labeled 

InTe present invention, the assay is conducted by adding an excessive amount '^i;^^^^ 
to^e labeled standard DNA as in the case of the process of Nicolas et al. to promote f ^ff^ ^ff ?g 
Purina tfiei^Hina hybridizate for the label intensity to evaluate the extent to which the labeled standard DNA has 

45 S iSertin ttiewSs D^ type of the nudeic add induding the gene mutation or Polymorph^m) is esb- 
Jit^eSSedtSnmittorthetergrtDNAindudingthegenemutelk^ 

Sf ?N?^ cerSnSJSssive amount te added to the labeled standard DNA whidi has been selected accort^^ng to ttie 
Smated mTtion^d polymorphism. The detection llmll Is selected by estimating the ^ent of the djWton tt^e 
S?aX^ DNA. r'esulting deaease in the tabel Intensity <^*!;2^»*r 

so eSssivenessofthesample DNA is determined on the bases of the thus sdecteddetertiw limit. » is ftewteD 
SSST^enU Z is added to the labeled standa«l DNA for competitive hybricflz^^^ and ^^J^ 
SSL^izaleisfhereafter measured. Thedetectionistherebyconductedmthedete^ 
mirX corresponding to the content of the target DNA. As a consequence, the nudeic acid induding fte gene 
iST^r^^^hisS of a minute amount is reliably deteded and identified. ^^^^ 

fis ^edoiJ rta drtection sensitivity wilWn the optimal range, the label intensity measured exhibitesignrfcant difference 

tl ODrtent of the te^l^ DNA is nZe. and quantitation of the nudek: add including the gene mutal«n or 
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p^cular region of the analyte nucleic acid in the specimen to prepare a double ^^^^le DNA^dd»^^ 
^ive ^nt of said sample DNA to a labeled standard DNA comprising a double stranded nude^c add harir« a 
SSSSTSlTr^to a sdikl support on one strand and a detectable label on the other strand to a«ow «,>TVrt*« 
SiSS. to tete place: and delSng the rehybridized labeled standa«l DNA by utilizing said detectaWe lajl a^ 
STranaWe of bVKling to a solid siwort to thereby evaluate the degrw 

beSre^n^Sfs^^e DnI and said^ standari DNA fcr deteclino the target DNA which is the same as sad 
lEdieled standard DNA and which is present in said sample DNA; 
characterized in that 

a detection Imit Ibr the target DNA which is the same as said labeled standard DNA and which is present in said 
^SArpSirnaS selected, and excesslveness of said sample DNA added to said labeled standard DNA 
in the conpetitive hybridization is selected in accordance with the thus selected detectton limit 

[0025] The present invention also provides a nudeic add assay Wt far assaying a "udeic add in accordance with Jie 
L^pro^ as described above whidi is characterized by comprising a labeled ^^^^^^^^^ J « ^^^J 
SSied nucleic add having a site capable of binding to a solri support on one strand and a delectable label on the 

Other strand. 

ppc^T MnnP FOR r^ARBVlNQ OUT THE INVENTION 

[0026] Next the present invention is described in further detail. ..... , nMAie«A<-rf 

0M7^ Inlhe as«^y process of the present invention, an excessive amount of the «*'-tabeWsampteDNAjs^ 
SSabiS standard DNA as in the case of the piocess of Nicolas el al. to pjomote camp^ J^jSSi^ 
L resuHina hybridized labeled standard DNA Is detected to measure the extent of the exchange of oomplemeiitwy 
SiTSe^lJeSnSe DNA and the labeled standaiti DNA. in de^^^^^ 

te^ standard DNA and which is present In the sample DNA. a detection limit is prelim.nanly sdetted far the taiflrt 
SllSsTe same^ the labei^ standard DNA and which is present in the sample DNA. and the e«|ess^ne« 
S the «Srte d!^^ to the labeled standard DNA in the competitive hybrklization is detonriined cnthe base^^^ 
t^SiSeJtSd^limit.Arellabledetectlon Of the target DNA^^ 
r*i^ eSjled even when the target DNA is presort in a minute amoum. and quanti^^^ 

■ The prindple of the assay is described in the following. In the pn>cess of Nicolas eld. 
sanple DNA is merely added to the labeled standard! DNA comprising a *uble stranded nudac «J ha^J * 
Lc^ofbindingtoasolid support on one strand andadetectablelabd on theofter 

^ teannealed to pramote competitive hybridization; and the reaction product is trapped on the soSd si^ort to me»- 
S^tSeTSS^ to theretvmeasure the rehybridized labeled standard DNA. The preserve/absence of the nudeic 
SSrSgmL inSng the Se sequence the same as the labeled standard DNA . 
[0029] Hwever. when the contort of the target DNA whid. Is the same as the labded^ 
Se^y is conducted at the excessiveness of the sample DNAof 10. thediW^^ 

and the tebeled standard DNA is not substartiaOy diluted. Theretore. the DNA whose contort «1% ^^^^^^ 
\Sm In view of sudi sitoation. in the present invertion. a detedion Kmit ^V^^'^X^''^^*^^^ 
whiS is the same as the labeled standard DNA and which is presert in the sample DNA. For eofflmple. when the taflrt 
SK^^oSSJert in the sample DNA is about ^ (1/20) is detected, the sample DNA1 is used f 
oMorWvle. 20 or more as shown in Fia 1 . and use of the DNA1 in such an amourt "^f^.^lf » Jf^f*^^^^ 
SkSSSg^DNAwhoseba8esequenceisthesameasthelabdedstandardDNA2^T^^^ 

is^n dMed to 1/2. and the theorelicd measuremert is 1/2 of 11^^ 

aet DNA whidi is the same as the labeled standard DNA2 and which is cortained in the sample DNAI » Jhere^ r«l 

fztd rsh^uW be noted that, even when the excessiveness of the sample DNAI Is 20 " j^™' 

DNA is theoretically not at all diluted If no DNA whose base sequence «♦« same as fte ^fj^^^ J 

. presert in the sanple DNAI . Theretore. the label irtensity of the case wherein the cortert of the target DNA Is S% Is 
1« of the label irtensity of the case wherein the target DNA is absert. nwA fe 

m031] In a simiar .nanner. when sample DNA of the amourt 40 times in excess of the labe ed f^"^ DNA ^ 
SSd. arSSe test sample c;»nalns the target DNA Induding the base sequence the ^"^^^^J'^.^fJ^ 
SlAin an amourt of 2 5% (1/40). the proportion of the initial labeled standard DNA rehybridized will be 1/2. and the 

, °r Zs^also bTl«. A^ exeniS^^ case, detection and idertif icalion of e/en smaller min^e amount 
dTtSeSDNAhavingthebasesequencethesameasthe^^ 

?JJn^ d *e slple DNA in relaTon to the labeled slartlard DNA. As descrfeed above, selednn of the e.^ 
S^^esanpleDNAdepending on the cortert in the sanple DNAof the torgelDNAh^^ 
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same as the labeled standart DMA enables a reliable detection and identification of the target DMA ««n if the content 
of the target DI4A was extremely iow. 

[0032] The theoretical influence on the proportion of the inrtial labeled standard DNA '^"^^^.^^l^. 
SSof the sample DNA in relation to the labeled standard DNA and the content m lhe ^"^^^^^^^'^t^^ 
hSfng the base sequence the same as the labeled standard DNA is calculated and shwn in Table 1 , below. Fia 2 is 
the graphical representation of the Table 1. 
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Table! 



"'^^^•^.N^jLabeled : Sample 1 
Content ( % ) 


1:20 


1:40 i 


1:80 


1:160 


0.0 1 


100.0 


100.0 


100.0 J 


100.0 1 


1.0 


83.3 


71.4 


55.6 1 


38.5 


2.5 


66.7 


50.0 


33.3 


20.0 1 


5.0 


50.0 


33.3 


r 20.0 


11.1 


10.0 


1 33.3 


20.0 


1 11.1 


5-9 


20.0 


1 20.0 


11.1 




iTo 


30.0 


\ 14.3 


7.7 


1 4,0 


1 2.0 1 


50.0 


9.1 


4-8 


2.4 


1.2 


100.0 


1 4.8 


2.4 


1 1*2 


1 ^ 1 



Index 
value 



«1: ratio of the labeled standard DNA . the sample DNA 

*2 : content of the target DNA which has the base sequence the sane as 

the labeled standard DNA and which is present in the sample DNA 
*3: ratio of the rehybridized labeled standard DMA in the initial 

labeled standard DMA (%) 
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100331 AS shoMi in the theoretical calculalion of Table 1 and FIG. 2. when the ratio of the labeled standard DNA : the 
S DNA feTSo Se nd« value is 50 when the content of the target DNA havino the base sequence the same as 

ri • reo *e iS««lue is less than SO when the cortent of 

1^^ Steward D^fem As exempMied by these cases, the target DNA having the base sequence flie sameas 
!^SeSSSa^D.?A can be det^ed and identified ^ 

tothfwS^Srd DNA even if the content of the target DNA is low. In addition, when the compebtve 
S«^1S^rta^«fequate excessively, content of the target DNA h^^^ 

SSSSdNA 4i Ije iJeoretically calculated from the excessiveness and the obtained index value even rf the content 

SS^iaSSgtft^N A hS^ *.e base sequence the same as the labeled standa«J DNA present in the ^ 
ST D^rn ; the consent of the target DNA is quite minute, and such assay of high ^^^^^"^^ 
SSily selecting the detection limit fbr the target DNA having the base sequence the ^« « ^e^S!? IZ 
SSsert in the sample DNA. detemiining the excessiveness of the sample DNA added to ^e^*"?* ^SS^ 
S^lng on the sSected detection limit, and adding the sample DNA of adequate excess^^e^^ 

ST l; STg'^'^SS'aft^^^^ *e p^^lar reg«,n o, the ar«^e ..^.c ac« in 

K^im^rSSplL to prepare the double stranded sample DNA. Exemplary analyte nude-c ac«Js are can- 
S-STe^Jes related'toSene.ic diseasee. virus genes, bacterial genes and pdymorphic genes from the 

[iS^] The temi, polymorphic genes from the host as used herein designates genes exhibiting polymorphism which 
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have no direct relationship with the cause of a disease, and such genes include genes related to HLAandttoo^^ 
AToSisuchgenesareusuanylocatedonthechronxjsomeoft^ 

ZStodSSria Exemplary speciniens which contain such analyte nucleic add are pathogens such as a bacterium 
aiTTSS^SdS seSn of tissue lesion and the like separated from a living IxxJy: and «^eta such 
^ unnT^^iSec^ of prenatal diagnosis, cells of fetus In the amniotic fluid or a part of the rtvrfed owute m the test 
S2lZbeu*iT*erea^n.Sespedmensmayl« 

uSenzyme. heS or^ surfactant ur«sonication. or a combination thereof direcdy or after ophonal ««c«it«Jon 
S P^ciStiii tiirough a procedure like centrifugation. Such cytoly^ Is effected fbr ti« P^^Z.iSS'SS as 5S 
from flirtarget tissue. In practice, tiie cytolysis may be carried out .n accordance with a P""?*'^^^^^ 
. om deLribed in PGR PROTOCOLS. Academic Press Inc.. p14. p352 (1990) or other documents. TT»e specimen in^ 
' SSiS ontSn S DNA in a total amount of about 1 to 100 although the DNA in an amount of less than t m8 « 

raoST] The gene amplification process used in amplifying the analyte nucleic acid In the specimen fOr tt» 
S *e sanBle DNA is not limited to any particular process, and such ampHicalion may be earned ou^ by using ger^e 
, p^i^ts or by Chemical s^Sesis or enzymatically ""'^'^ 

Dreoarina the sample DNA. ttie thus amplified DNA may be mass-produced by incorpor^ing ttie D'^.'^aY*?" 
SL^frOTdSdvecto^. phage vectors and chimeric vector derived fromap^ 

S^SJTaWSS hSsGch as a bacterium such as Escherichia coli or Badiius subtilis. or yeast (Saocharo- 

« S '^i^L orelerable process using gene amplification primers are PGR (Polymerase Chain Reaction) LCR 
Se C^nTtSSS^R fs^nlll SeqZe Repr«ation). SDA (Strand "sptecerr^ ^'«^;*'">- 
SSta flZak DNA Probes 2nd Edition, p 255-291 . Stod*)n Press (1993)). and the most prefened is PGR. 
S^Tn^caTofP^S^^^^^ 

Sn wll the analyte nudiic add is present, and the gene amplification is thereby aooorj^ Thepntner 

«r ^nTon iB DTomoted tw allowina 4 or 5 types of nudeotide triphosphates (deoxy adenoeine tnphosphate. decocy gua- 

" neSiKSe^SctUSSte.andthymidi 

fli which Is often catieddNTP) to be incorporated into ttie primer as the substrates. ^ ^ ^ 

SiS n*r^«x^ of lie nudete aSd. amplification reagents including the unit nudeic acid asetescrbed a^e 
S^l^c add^Sandinfl enzyme are usually employed. The nucleic acW extending enzyme may compnse any DNA 

,0 SSTrLTe^S^^E^'SilX^^^^^ I ZStragmento. E. coll ''trSS^L'm'SK:^;: 
Sie like The most preferred are ttiermally stable DNA polymerases sudi as Uk, DNA polymerase. DNA polymer 
ase !L DN A polymerase, and the like, and use of su* thennally stable DNA polymerase enables a^J-^^^'^P^" 
Sn dte am^?i.Son cy^le with no need of supplementing the fresh enzymein each *f « J^^rt 

aJ^ling tenure inThe range of from 50 to 60-C to realize an "TT'^^^"'.^ SSSlTs^SS 

95 sequen(» by the primer. A rapid gene amplification of high spedf icity ts ttiereby realaed. (f=br ftirther detail, see Japa 
nesePatentADDlieationlaid-OpenNos. 1-314965 and 1-252300.) « 
Sii hihtevSfon an oM may be added to the reaction sdution for the purpose of preventing evaporation of the 
Sre SS^l STte .2^88 long as the oil separates from the water and has a specif ic gravity lower tto, 
nrt^^Xic?o"s indude silk»ne oil. mineial oH. and the like. So* oH is unnecessary .n some gene amplif«a- 

40 tion apparatus, and the primer extension reaction may also be carried out in such an apparatus. 

[SS^ By repeating tiie extension reaction using the nudeic add amplification pnmeiB as deM*«d alwve Jhe 
KacSinThespSdmencanbeanplifiedatahighefftoiencytoenablelhe^^ 

aZnt It should be noted that the specific conditions and the tike for the 9«"e ampWicrtiw be^^ 
SSdarwe with the known methods described in various references su* as Jikken igaku (Expenmental Medicine). 

sisr-iSersZ^o^^T^ 

DNAinthesanpleDNAandwhic^ 

" ^^SiSaile label may be either a radioactive substance or a non-radioactive si^oe. and the label is 

SJSbly^JSSr^ce. Of the nonradioactive substances which may be used fbr the tabel. exemplary 
SSS^S^^te 5Sas a direct label are fluorescent substances [sud, as fluorescein denvatives (Huores- 
S^^JIT) rhodamineanditsderivativese^^^^^^ 

«f substances feudi as acridine). and the like (see Japanese Patent Application Lad-Open Na 1 -252300). The iai»i m?y 
iSiS drt^ IW using a sutelance whtah spedficaHy binds to ttie label, and examples of such label 
TrS^e bS^i^Sefe a^'and protoins of particular types, haptens and the lika For e^-^^^^f; "^l^ 
llSr^ o^idin w s^eplavidin whidi spedficaily binds to the btotin. and the hapten may be used with an antibody 
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^T^^Tl^JnyMHii has affinity to such protein. Exemplary such haptens include compounds having 2.^\m- 

SJ^SlTtS^Mnermutation or polymorphism in the particular region of the analyte nucleic aod. and ampM^ 
t^^Z uSS a^SS SaSfl'^lccJporated therein a site capal^e of binding to a solid ^PPO^«fj^^^ 

ra:ir^:^a*^*^^^ 

^ instead of the gene amplHication. the labded standa«l DNA may be prepared »Venz3^cally nrt- 
[0047] iireteaa or we ac « standard DNA may also be mass-produced by ampMying the nor- 

^ a^^Sc Srs derWed frSm a plasmid and a phage and introducing the vector .n a PJP«9^« ^"1 
^2??cXdIrium 8^ Escherichia ooli and BacHlus subtHis. and yeast {Saccharomyces cerevisiae) (gene don- 
such as a bacternjm ^^^ST^Som may be produced by chemical synthesis. Typical chemical synthesis 

, Tapproirt* BM ™» » Wrodu(^ ir »e amino oroiJP (se^^ 

ZZTSil^t KrSf acquirSmutation or polymorphism of a cancer-relajed Bene such »k-ja8 genjN- 
generaiiy up TO ^^'"^r* 000*9 oene or APCaene generally up to 10% in the case of mutation or polymor- 

l^rL'*cSS'2^e excess^eness of the sample DNA rs determined in accordance ^^^^^ 
SHheSceSSSsdSsampleDNAis notpartcularly H and the excessiveness "«yt««f ^J. 
limit. The exoessivenBssw^wo™.*- eofnoalitive hvbridlzalion on the bases of the label intensity of 

^S^Zl^elSi^in^la^^^^^^^^ 

rf?e ter^t^^^^^ target DNA is quantitated in the assay, the excessiveness may be eel^ 

H^nSrt the reeled taio^ „ K»t«ni 

^TVep^>^^BSL.^^<Mmrin^ is not particularly limited, and the e^^s*'^^"^^^ "J^ ^-^^ 

S^eterrsr**a.v.«,^ed.^^^^^^^^ 

S^JSf i'NA S;,rcrent)'in the Jmple DNA by such means electrophoresis. UV Irradlalion or absorption so that 
on adaouata amount of DNA may be added in accordance with the excessiveness. ^ 
SSrCL^ the competitive hybridization by adding the sample DNA ofan ajces^e 

«^T?o-™,i« nwA and the labeled standard DNA should be denatured in the first place, and the denatur- 
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10 



15 



Ldium citrate) and SSPE (20 x SSPE: 3.6M sodium chloride. 05M sodium phosphate. 2mM EDTA) are generally used 
Ste ^iS«rStfment. and such solution can also be used in the assay process of the P'^^f^ 
^^^^TSSS^corice^ and after optional supplementation with an agan.c solvent such as 
dimethylsul1bxide(DMS0)anddimethyHbrmamlde(DMF). ^^^.^^^.^nuA 
rooS3l The competitive hybridization may be acoonplished by mixing the sample DMA and the f ^^^^^ A 
ShalS bSJSSref ^ described above, and gradually reducing the temperature from the N»h teujahir^ 
Z C^e conditions may be adequately ^in^zed 

hybridized and the diflSrence between the denatured base sequence and the nonnal T"f r^T^^^ 
cSJSm t«JB«r we oenerally such that the temperature is reduced from 98-C to 50°C at a rate of rC per 3lo 10 
SraS^iSStu*Ia. the tempXe is reduced from 98-C to 7<yC at a ^at^ 'C P^^^^^ 
a Next «.ep^«-u«<.«J^ 

Seica<£hasdifl^^^^^^ 

Sf^SSe hybridization will exhibit lower signal intensity with the increase in the <«^^J* *f 
«^»ZSn?eele sample DNA and the tebeled standard DNA In other words the s^bj«^ ^ 
ft^J^TSS^analyte nucleic add which has the base sequ^^^ 



20 



25 



30 



35 



40 



45 



SO 



55 



?S!£lTdescribed above the hybridizale is measured and the presence/absence or content of the nudeic acd hav- 
Sa^ne mtl^pS^^^^^ delennined from the results of the measuremej- The '"ef*'^;^"' J^^^ 

bl^Vca^^rtioSprc^ selected In accordance with the label used. For example, when the label is a 
^o^»e inS Sihe radioactivity may be measured with a scintMaticn counter, and when the labehs a f lucres- 
SSK^JltS^tiefluor^^^^ 

SST'KilSlhen the labeled standard DNA has incorporated therein « '*el «*er *a« 
S^^e ^e? areagent Adapted for indirect measurement of the label is used. When me label .8 bwttn^ a oomp^w 
itS?« is used, and when the label is a hapten, an antibody-enzyme oomplac wh^ 

t^l^^Z^Z^^ specifically binds to the hapten and an enzyme^ or a substrate sucj enzj^ne 
te3 Bv Smsuch reaaent the label undergoes a reaction with the reagent to produce a component whteh can be 
d^Sd % m2?J ST^^^ or f luSLcenca The enzyme and the sub^mte /"^l^f ^"S' 
re^Sm^Ts described below. Vvhen the enzyme Is p-D-galactosidase. the substrate may be 2^.trophenol-p-D- 
qSsWe ?4 Syl^nbelliphelyl-p-D-galactoside. When the enzyme Is P»«**«^*« ^^J^^^^l^t 
SSSerS)proironrc add. 3.3-.5 5-tetramethylbenzidine. 1.2-phenylenediamine. or the hte. When the en^^^ 
;5i3SSe. the sul^trate may be 4-m^hylumbelliphelyl phosphate. NADP. ^'^f^^'^^ ^ 
?rm2Z2«yme is glucose-e-phosphate dehydrogenase. «ie subsjBte ^^ucose. NAD. or the Ite. When 

s^ ?htSw^^i»Sshouldbeasupportwhi*iscapaW^ 
SSiepJi^^r. anX typical such sow support is a wel of 

the spedf ic binding to the solid support-binding site of the primer. ^^^^ nuA the «ffihanae 

mnM When the sample DNA has no base sequence which is the same as the labeled standard DNA. ttw ««wnO« 
2^ oS^^^s b^een the labeled standard DNA and the sample DNA l^i^^^J^Sl 
S^^a^SSST^SjcS In contrast, when the base sequence whidi is the same as the labeled standawl DNA* 
nr^^ I^rtiSJJegio^^^^^ analyte nudeic acd. exdiange of complementary strands between the labetod 
D^SSSi J^te DNAoccurs at a W^^^ and the label intensy is "^^'J,^^;^ 

MW^n^sSt^NAte weliminarily selected corresponding to the purpose of the assay, and .amouril (exc^- 
St'L'ri::^ dSS adcSd IS deteriLined ^ --"^^^^^^ ^ 

«; s^tJi^ sequence is quite low. and a relteWe detedion and identification ^ *»*y^. ^ 
SSSi^N^Z be^me as those descdbed in 
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don; th. W»M aandaM Dl« may be pr«»rrt b, the p.(«du« M d(»c^ 
Sjir^iZ^o. ft. ixesert in»nB« uMd in 

°;SL^SL?Z«1^^S^»ei?S^onfte»^ 

giTCiSS ,e^ » fte «. 0.^ 

_which.by-noJiieans-limit1he_8cope.of_1he.p^ 



20 [Exainple 1] 

[0063] A model lor detectinfl mutation or polymorphism wherein the gene is sul^lituted at one base Is described. 



primers 



25 



100641 A oair of primers (k-ras-Sn. k-rns-S) of the base sequence fully complementary to human '^"^'''j^^J^ 
SS^lnd a'^JlrXTmis (k^. k^-3) Including a mismatch of one base were used. The primers are shown 



below. 

30 k-ras-5n 

SEQ ID No: 1 

5'.TATAAACTTGTGQTAGTTGGAGCT-3' 
k-ras-5m (the substituted base is underscored) 

SEQ ID No: 2 
35 ff-TATAAACTTQTGQTAa7TGQACCT-3' 

k-rasr3 
SEQ ID No: 3 

5'.TATCGTCAAQQCACTCTTQCC-3' 



P rfiparatiQ n labeled 



roQfiSI Gene amplification by PGR was conducted by using 100 ng of k-ras 0»1*W" """"J ^ 
anvlHied product and the amplif icalion efficiency. 

BO preparation of pfffi-labaled DMA 

r«««n -nw, nnn^eled DNA having the base sequence the same as the human chromosomal k-ras gene was ampll- 
]!^^S\ a^o^Styed S^e using NHg-k-ras-Sn and NHg-k-ras^ for the primers In the same 

" f^Te'^SS^eJoi^ha^ngthesequencewhichisthesam^ 

K bai was amplified by r«,eating the PGR proce« as described "^^^ 
the primeiB in the same reaction solution. The reaction solution was evaluated as described abo«. 
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g>rffparatiQnof<^mpieDNA 



10 



15 



20 



25 



30 



raoem The thus produced non^abeled DNA having the base sequence the same as the normal gene and the th^ 
SvaSS^^ 

2.5%, 10,0%, 20.0%. 30.0%, 50.0%. and 100.0% in the normal gene. 

r ^mpetitive h ybridizatic 
[00691 Ne)ct the labeled standard DNA was mixed with various non^^^^ 

SETS the aZrn (eLssivene^ of the non-labeled sanple DNA in relation to the labeled standard DNA are 



35 knmn. 
[Example 2] 



rnnT.li I ohoi«i substituted Standard DNAs of all substitution patterns wherein the twelfth codon of the human chro- 

46 andTQT(Cy6). 

PrmftmtiffP plagniid 

mo761 0 lua of normal human chromosomal DNA was gene amplWed by PGR by ueing lOOng 
« Kii K12 reJSd^ribedbelowundertheconditionsof Examplel.TheresuW 

designated plasmid pKRI. 

K12-P1 

55 SEQ ID No: 4 

5'-QQCCTQCTQAAAATQACTQA-3' 

K12-P2 
SEQ ID No: 5 
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■S'-TrerrraQArCATATTCGTCM' 

roo^ The 6 types of the mutant DMAs were prepared by ol«or*jcleolide directed '~»«9«"«;«^^"'^° 
S W^eSSy volume of Jikken Igaku (Experimerrtal Medicine). "Genetic Engineenng Handbook", page 24^ 

iS^uSon of the 6 types d standard DMAS havina the desired base sequence 
Primers 

10 [00781 The primers used for the gene amplificatiOT 

k-ras-43-5 
SEQ ID No: 6 

5*-AACTTQTQQTAGTTQQAQCT-3* 

15 kHras-43-3 

SEQ ID No: 7 

5-AAQQCACTCTTQCCTACQCC-a' 



20 



26 



30 



35 



40 



46 



Pfftparation of fitandaid DNA 

100791 Gene amplif icalion by PGR was conducted by repeating the procedure of ^ W|e 1 ^^^^ 
E i^^SZr^n one of the 7 genes (standard DNA) for the template, and labeled Bio4c-ras-43.5 (100 ng) 
d'nSS^^^^ labrfing the above-described primers for the primers to prepare 7 types .n 

total of the labeled standard DNAs. 

Preparatior i nnn-labeled DNA 

roosoi -me non-labeled DNA was gene ampMled by repealing the PGR procedure of E^m^eJ using 1 ^ofme 
Hd h^ng incoSorated therein one of the 7 genes (standard DNA) tor the r^'"'^:;^^^-''^ 
SfVK-«s-«^ 000 ng) for the primers to prepare 7 types In total of the non^abeled DNAs. 

P r^ j paraMon o f fflmple DNA 

. u. --«-*.«>rfnnnJiih«!lBd DNA each hanna one of the 6 mutant gene was mixed with the non-l^^^ 

98% of the mutant gene: 99* of the normal gene 

^geS and 98^ of the normal gene and 1% GOT + 1% COT mutant gene 

zSES rrr ^^^^^^ 

S<J??i^of thJspedmen CnormaH containing 100% of normal gene (GGT) was 100. 
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Labeled stand- 



Table 2 
Non-labeled sample DMA 



aitiDNA 














H2O 


normal 


2% 
GOT 


1% 
GOT 


1%QTT 


1% 
GAT 


1% 
CGT 


1%AQT 


1%TGT 


1% 

VJlw 1 + 1 
1% 

CGT 


1 


QQT 


100.0 


0.7 


ili" 


2.2 


1.5 






2.1 


1.6 




i 


GOT 


100.0 


71.7 


23.2 


32.0 


71.7 


91.9 


71.8 


70.8 


73.1 


29.8 


3 


GTT 


100.0 


48.9 


42.9 


47.1 


21.7 


46.7 


50.1 


48.2 


47.0 


43.5 ' 


4 


GAT 


100.0 


60.5 


52.6 ' 


60.3 


58.5 


21.8 


56.6 


60.0 


56.5 


56.7 


5 


CGT 


100.0 
-100.0- 
100.0 


77.8 
—56.4— 
57.4 


74.2 
-55.7 


74.2 

56.8- 

54.6 


73.2 
—53.8 


71.7 
- 56.4 _ 


24.7 

_ 49.6 


72.3 
20.1 


71.9 
52.6 


24.6 
52.0 


— 6 — 
7 


-AGT— 
TQT 


55.3 


59.0 


58.5 


53.7 


53.8 


21.9 


53.4 



25 



30 



S5 



40 



45 



SO 



55 



lWe3 

Non-labeled sample DNA 




rnr«Ai Ae ..houun in the results of TaWe 2 the specimens containing 2% or 1% of GOT exhibited significantly smaller 

G^ZZ^^n^^^^ the presence Of the GCT-mutant gene. Similarly, the specimens containing 1% GCT^ 

sTnLntly Waller Index values for the labeled standard DNAs from the nojmalgene me GCT- 
1% CGT revealina the presence of the GCT-mulant gene and the CQT-mutant gene. 

-nH l!^?*artorr« of the correionding type to confirm the presence in the non-labeled sainple DNA specimen of 

ISST/SiSSiSS procedure as 

rSut^o^TS^iSpN^** t»S gene in the specimen but also identifying the mutant or polymorphic base 

l^'^A^ shown in Table 3 the index values of the specimens were in the range of 45 to 32. and it «as then indicated 
SSecS^tS^tTe^rtgtefe 

?fnd ft^wSralion curve of FIG. 2. and the consistency with the actual content was conf rmed. Therefore the p«)ce- 
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dure as 



described abore is capable of quanlatively determining the content of the mutant or polymorphic gene. 



[Example 3] 

S,^ ««e of the specimen ("normal-) containing 100% of normal gene (GGT) was 100. 



IS 



20 



26 




30 



Tables 



35 



40 



46 



SO 



55 



l^eied DNA 


H2O 


normal 


specimen #1 


specimen #2 


specimen #3 


specimen #4 


1 


QQT 














2 


QCT 




100.0 


103.2 


96.5 






3 


QTT 




100.0 




100.6 


204 


Si 


4 


GAT 




100.0 




ii 




94!? 


5 


CQT 




100.0 




96.8 




3!o 


6 


AGT 




100.0 


101.6 


9ll^ 


865 


100.5 


7 


TGT 




100.0 


96.3 


^^9 


101.6 


^7 



content of about 20%. 
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[Example 4] 

.^^ ^ r-r-T inwA M 4ha nnrmai N-ras oGpe at 009 baso which result in the eUbsti- 

and GTT (Val). 

[0092] The primers used for the gene amplification had the base sequence as described be!o«. 

15 N-12S 

SEQ ID No: 8 

5'-AACTQQTQQTQQTTQQAQCA-3' 

N-12A — - - 



20 



SEQ ID No: 9 

5'-GATTGTCAQTGCGCTTTTCCC-3' 



2S 



30 



35 



40 



Pffip prntion t^f | fl H«* Stan dard DNA 

types in total of the labeled standard DNAs. 
Prap^^i ^^i^n nf non-lah ft^QT^ g^mple DNA 

I0094] Tt-e non-.abe.ed DNAs were prepared as described beUj^The^™^ ^t^pS^r^S'Sr. 
!espiive.y mixed w«h1he fragment '-'."fl ^^^^^^^^ 1% 

plates each containing a minute amountof the •^'^'^ 9wejhe tenj^^^^ 9^ 

ot Ih. C™™"! <»«*'"» tOMi 01 ™.n»l owe (Oan «. 100. 
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Table 6 




20 



26 



30 



35 



40 



46 



60 



55 



Table 7 




, ^ . ,^.,Hft nf Table 6 the soecimen containing 1% erf AQT mutant gene exhibited reduced color 

miSgene in a minute amount were found to exhirit smaller Index values for the nom«l gene (GQT) and 

Sng^SSSfl^-nute^ 

Ac ch««n in TatHe 7 ttie Index values of the specimens tor the corresponding labeled standard DNA were in 

or polymorphic gene. 
[Example SI 

mion Labeled substituted standard DNAs of all substitution patterns wherein the 61st codon of the huma^^^^ 
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(His) and CAT (His). 

Primers 

5 [01031 The primers used for the gene amplrfication had the base sequence as described below. 
N-61S 

SEQ ID No: 10 

S-GTTQGACATACTGQATACAQCT-S' 

10 N-61A 

SEQ ID No: 1 1 

5-QTCTCTCATGQCACTaTACTCT-3' 



iS 



20 



25 



Pfffvimtion of lahfllfld Standard PNA 

r01041 1 Dq/ulsdutionsdthefragmentsreBpectivelycorrespondingtothewild(CM^ 

Sn toteOwel^ prated by ras Mutant set. N-ras codon 61 manufactured by Takara. Gene anpltf-caton ^ 

SM (Too ng)1;S^S^^^^^^^ d 00 ng) prepared by labeling the above^lesaibed primers for the primers to prepare 8 
types in total of the labeled standard DNAs. 

prppfln tfinn r* non-lflM aH aampla DNA 

[0105] The non-labeled DNAs were prepared as described below. The fragments ^^Jjf'jfl 
esnadivelv mixed with Die fraanenl having the base sequence of the normal gene (CAA) to prepare 7 types oftem 
LX^Si SnCa^^JeLxint of ».e mutant gene: the templates comprising 99% of the norma^9«"« 
5Sr^nt 90^9^ S^the normal gene and 1% GAA mutant gene; 99% of the normal gene arid 1% CCA n^m 
^e^ d the normal gene and 1% CC^ mutant gene: 99% Of *e norrna^ 
Sie normal gene and 1% CAC mutant gene; and 99% of the normal gene and 1% CAT mutant gene. 

IrS^ampllfication was conducted by repeating the PCR procedure of Exarnple 1 ^[.^ 1 Z 
ptaTsolutons and the fragment solution comprteing 100% normal gene for the temfjrte^and labeled ^N^l 8 (100 
SrtiS lIvNil A (100 ng) for the primers to prepare 8 types in total of the non^abeled sample DNAs. 

rrfrnrgtlti"" hyhridizaHon 

roiOTl Conuetilive hybridizaHon was conducted by using the PCR solution comprising 0.125 fil of the labelol stand- 
SASwr2o5^«S«iveness. 160)of1henon-ta^^ 

Si^a^ r^aSt co'il.ions were as »i the case of the Example 1 . In this j^^JS^Z'S't^ 
ftat the reaction solution was cooled from 89-C Id 78-C in 80 minutes. The competitive hybridiation for contrast pur 

nnsa was conducted by using water instead ol the non-labeled sample DNA. ^ . ^ . ^ ^ , ^ p,kia 

Sf^S^ rt SSioJ solution was aliquoled. and the amount of the '*y?"dized labeled slar^ D^ 
Sdurted tar of ED-PCR as the intensity of the color development The results are shownjn Tables 8 and 9- Tl^ 
Site Se *SS^n T^e 8 as the percentage (index vakie) when the intensity of the developed color m the ^ 
trwl?w^^.TheresutearesL,ninTable9asthepercentafler.nde^ 
4S color in the case Of the specimen CnamaH containing 100% of namal gene (CAA) was 100. 



so 



S5 



40 



SO 



ss 



Labeled 
standard 
DNA 


— ' ^ Non-labeled sample DNA 










HgO 


normal 


1%AAA 


1%QAA 


1%CCA 


1%CQA 


1%CTA 


1%CAC 


1%CAT 


CAA 


100.0 


4.7 




to 


1^6 


2J 


oi 




ili 


AAA 


100.0 


55.0 


107 


551 




511 




54!? 




GAA 


100.0 


61.3 


6oi 


24^ 


5^4 


57i 


eoi 


m!i 


604 
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Table 8 (continued) 



LJabeled 
standard 
DMA 



CCA 
CGA 
CTA 

CAT 



H2O 

100.0 

100.0 

100.0 

100.0 

100.0 



normal 
51TT 
4&6 
3a3 

42.4 



1%AAA 
48.3 
44.4 
37.6 

siJ 

41.3 



Non-labeled sample DNA 



1%GAA 

42.9 
37.0 

40.3 



1%CCA 

itT 

427 
37.5 
54.9 
41.8 



1%CGA 

52.4 



18.7 
35.8 
57J 
40!6 



1%CTA 
49T 



43.7 
"l4i" 
60.0 
417 



1%CAC 
50T 



43.1 

37.3 
23.6 
41.6 



1%CAT 
52.5 



47.2 

365 
557 

leT 



Labeled 
standard 
DNA 



CAA 
AAA 
GAA 
CCA 
CGA 
CTA 
CAC 
CAT 



Table 9 
Non-labeled sample DNA 



H2O 







1%CCA 


1%CQA 


1%CTA 


1%GAC 


1%CAT 1 


normal 


1%AAA 


1%QAA 








m 




m 






Too 


36 


100 


100 


93 


07 


100 


95 J 


100 




40 


94 


94 


99 


95 


99 1 


100 


95 


96 


33 


i^i 


96 


ii 


ICQ J 


100 


~ 97 


iS 


94 


41 


96 


95 


103 J 


100 




97 


98 


94 


37 


96 


^ 1 


100 


101 


i7 


95 


99 


104 


41 


i7 


100 






99 


96 


98 


98 


38 













[01091 AS 8ho«n in the results of Table 8. the specimen containing 1% of AAJujutem ^Jj^^"^^^ 
operation. 
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'mtiM AB described above, a reliable detection of mutation and polymorphism in a minute amount of gene in the 
^ L^J^n m^STaJd SeklentH^ and quantification of the gene exhibiting mutation a polymorphism 

are ^'so/eahz^ IV «^P^ ^ ^ improvement in the 

t^rs'^^'fof'brr^^^^ 

Clalins 

1 A nudeic acid assay process comprising the steps of amplifying a particular region of an ^"alyte nudete acidin a 
c^mmt^oreMrer^estiwried DNA; adding an excessive amount of said sample DNAtoalabeled 

sS^DNrcSmX^d^^^^ 

S»nd a dSrtaWe label on the other strand to allow competitive hybridization to take place; and detechng the 

Se^rrl. DNAby uti^ said detectable label and "P^^^^^SSlTaSSS 
SS^olereby evaluate the degree of exchange d the complementary str^^ 

^ed stancteud DNA for detecUng the target DNA vrtiich is the same as said labeled standard DNA and v««en is 

present in said sample DNA; 
characterized in that 

a detection Hmft ftr the target DNA which is the same as saW ^il^.^^^^^ 
said sanple DNA is preliminarily selected, and excessiveness of said sample DNA ^J^^""^ 
SJSbNA Tn the Lpetitive hybridizatior, is selected in accordance with the thus selected detecbon hmrt. 

2. A nucleic acW assay process according to cteim 1 whereia ^^-^^.^^^^^Je*^'^^^ 
same as said labeled standaid DNA and which is present in said sample DNA is A/B. the excessiveness or saio 

gs sample DNA is at least B/A. 

, A . «rw ac»v Drocass according to daim 1 or 2 wherein the target DNA which is the same as said labeled 

30 selected excessiveness of said sample DNA. 

4 A nucleic add assay process according to any one of daims 1 to 3 wherein the analyle ""^J'^Sl-ST^' 
TeKelTa geni delated to genetic disease, a virus gene, a bacteria gene, or a polymorpNc host gene. 

55 s Anudeicacida8sayprocessaoco.dingtDanyoneofdaims1to4whereintheanalyte^n^^^ 
I;^n^p5S^e^CA1gene.BRCA2gene.orAPCgenewhidiisacan^^^^^ 

6. A nucleic acid assay process according ,« any one of daims 1 to 5 **ierein the sample DNA is the one which has 
been gene amplified by using a pair of pnmere. 

introduced therein a region capable of binding to a solid support 
« 8. A nucleic add assay process accordng to any one of daims 1 to 6 Wherein the labdedstanda^ 
prepared by chemical synthesis. 

9. A nudeic add assay Wt for assaying a nudeic acid in accordance with the nudeic add assay process of any cne 
of claims 1 to 8, characterized In that said Wt Indudes 

a labeled standard DNA comprising a double stranded nucleic acid having a site capable of binding to a sdid 
support on one stiand and a detectable label on the other strand. 

10. A nudeic ackJ ass^ Wt accoiding to daim 9 comprising 

a pair of primere for anpiifying a particular region of an analyte nudeic add in a spedmen; 
S^fbr amplifyinoieWicular region of the analyte nucleic add in the speconen by using said pnmers 



40 



SO 



55 



to prepare the sample DNA; 
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• a support for trapping the hybrkJizate; and 
a reagent for detecting the hybridizata 
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FIG.1 

2 (STANDARD DMA) / (SAMPLE DMA) 
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FIG.2 
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100.0 



RATIO OF TARGETED ALLELE/ 
TARGETED ALLELE -i- NON-TARGETED ALLELE (%) 
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FIG.3 
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